B37H FE2H %o Vol.37 No.2
2020 46 A BLASTING Jun. 2020

doi:10.3963/j. issn. 1001 —487X. 2020. 02. 007

BERBEN STRFEERER S
TR EMER B ER M
BH R RRE BT AR

(L DU TR I 43007052, i B SRS BETHBe 8 FRETAE A 7, A8 M 450000 )

i E: AMRBEFNBRNCRBLERE R ERERAGY R, LB PAR K E LA B 25465 CAS-
Rock 3k 44 A 7| 43k  Bp iR M tm il A ShAL EPCA3D #) A3k, 5 M TR F B A TRAF AT RN LA H
(KFFE S E) 5k B LM E (2r.1r.0. 57,0, 257) A4k 55 kB /A (0° ~90°) s 1 i 1) 4%
B h, AFRXBURBEABIREZTSMALHORGRE, ARG VTR IR AT EELGTE S
HBEMERALE S PR LR AT BEREREREE PR LR eI KB E RIBLE
MELEEIR FE2AF R R BREMATEEREN Y REMAERRER KGN, £ 60°E
EANEA: RoEACE: Y & X IF- S

KR Bk FH; B2, EPCA3D; PRI A S SHBHREE

hESEES. TD235 XEARIRES: A XEHS: 1001 —487X(2020)02 - 0035 — 07

Influence of Blasting Load on Stability and Deformation Failure
Characteristics of Tunnel Surrounding Rock Mass with Weak Interlayer

XU Ye-gin' ,LI Mei' ,YAO Jun-wei’ ,MEI Wan-quan' ,XIONG Yong-liang’
(1. Wuhan University of Technology , Wuhan 430070, China;
2. Henan Building Materials Research and Design Institute Co. ,Ltd. ,Zhengzhou 450000, China)

Abstract: 1In order to study the effect of blasting load on the stability of tunnel surrounding rock with weak inter-
layers , using the CASRock software series module independently developed by Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences,namely the elasto-plastic cellular automaton EPCA3D dynamic module, the influence
of different directions of intermediate principal stress ( horizontal direction,tunnel axial direction) ,distance between
weak interlayer with tunnel(2r,1r,0. 57,0. 25r) and inclination angle of weak interlayer(0° ~90°) on the stability
of the tunnel surrounding rock under blasting load were analyzed. The damage degree of surrounding rock was ana-
lyzed with equivalent plastic strain as the failure characteristic quantity ,and it was found that when the intermediate
principal stress was along the axial direction of the tunnel, it had litile influence on the stability of surrounding rock.
When the middle principal stress is horizontal , the stability of surrounding rock is enhanced with the increase of the
middle principal stress. The closer the weak interlayer is to the tunnel boundary, the greater the influence will be. The
influence degree of the weak interlayer dip angle on the tunnel surrounding rock stability increases first and then de-

creases with the increase of the angle ,and the influence degree reaches the maximum within the range of 60° to 75°.

Key words: blasting load; weak interlayer; EPCA3D; intermediate principal stress; equivalent plastic strain

75 H H7:2020 -01 -24

fEE RS- RIHE(1995 - ), 55 BULIIUA 4, EEAFRT T . o8 L SIS
RIS (Emi 14465001 e o &L TR TP 2 BRI B H

EREE:E H1976-) L g ik, mgore Tam P80, B BAE R R X B WA T 2R
ALLRAHERPTLL, (Bmail) sebinel3@ 126 sbyopry 55 Je A7 AL IR AT B8 0 B 4%, R LR AR

EE&UE Bx ARP S (51104111)



36 B

2020 4£ 6 H

STFEAEMBRGAIN T RELMERALAEE
B,

Xt F A RBE 7 4 T 5 8k 55 3 2 FLA TS
T AR RIS B9 7R R 4, AR S B AR Rk i 4
1, BSR4 B ME , TS 1 (R AL I PR B S
PERUHARE, FLUBSSE FLAC3D FF R T AR A iH
7 X R B HE TR R B 88 (X S A 3T, T
SET 2% 8 R 2R B R A AR R b i
ST T T A [RS8 Je 2P IR Bk 3 e
B IBVEIX B A0 RAT 15 5 T 5055 Je J2 Xtk o
EWIR A . Miao 4 Pan %% ARG
Wr SEAERIIARSS & 8907 s, BFE T 78 IR0 1 4t B
T S K55 4540 T LA I 28 TR R A AR
Li 58 Yang S5l 5 AR, Bh SR ) &£ h Al g
B AT T RRE R B B it
SEZE4EE T ANSYS/LS-DYNA #57 Tl & W@ mk
R BEFE T ARSI T AR5 55 3 )2 (1 A
PR, Li % Amin S8 T BB REGE R H D
EHABEIR AL , 26 S8R AT VR T B ST T R % 3 by
JE T ) wh o b R R B2 LR, Hu %813 =4
BB DEM, 5T 7 Y10 58 3 P 3l i 4 ks o R
s RILE

M E A, S TR S P TR T ARWH
R I BR AR S e 2 R & R I 2 R e e
PR LB 3288 R A Bl 5 K B A5 A, 56 T4

AT N A Rl ] 20 S5 4K e R A BT g
R PR AT T T SCRREE D . ZE T, DABER)
K TAE B, 5 B 40 A BIL EPCA3D Ry 3l
JIREERI S HTAR B AT A [ IR 3 R ) B K
g R0 B MRS LA BRAT v, DL SR RO A
AR B AT Bl A B AT R AL

1 BERBEET

BRI SRS K TR UK IS4,
REEA B AN 6.5 m I REIR . B KR
4151200 m x5 m x200 m [ =HERERL, i TRER
AR JZ AL B BASTHITE 169206 2 208008 Z [H],
AAYERLR P ()R E S R (RLDM) | 4%
TR T JR TR RE SR ZS X A ) 247 D B4 AT
A, A RIE AR I, 3R ] RLDM BRI i fRjA6TE 5, B %
V& PRI 3R 7 BB P T A 55 10 I R 4250 B A3
1 Sy AAT O, DT R AR R I, 1) R e
AR X o3 A ROR BT . BUAB A BE LA 1
(a) , X IT 425 PR 1% 1 W 2 T8 i o A% 0 7y 288 (A1 1
(b)), B =M R AT B KB (B 1(c) ) RE SR
BT (R ) D o KRB 2 BB A2 1) g A e
I 7e (B 2 % R L, R 45 Bk el B9 0 H 5T 7 O
30 MPa, Bk ispHFEEmT A 3 mso RAAERE LI &G
KA 1 SME R B L T3, A PR OTAR R A2 48 K] 5k
ALY SR RULs R e R LT ) A R

: =

; Ba (200m x 5m x 200m)

E (200m x 5m x 200m)

BN (T Hea =

E & ®]

L Ao £o.. macin | 30
(r=6.5m) (r=6.5 m) L g

F .

17

0 0.5 3 Bf[E/ms

(a) BEEHHSBERENE

(a) Location of tunnel and weak interlayer

(b) FRBHT FRAO TN
(b) Application of blasting load

(c) =T IR AT R4

(¢) Triangle blasting load function

K1 RER R
Fig. 1 Schematic diagram of model

B LA e BRss e R 5, d S e R B R
IR, 0 AAKESRSZ 5K J5 1 « BT fA
HBETEAR AR SO AR Z B8 D 100 m SR )Z R
BEN2 m A%, MBITRSE(ER ) S RIEE
A=A I B SRR R . & 5 & 4N
RLDM 82 HH 255 ) LS BE 455 E s SR 1 AR

AR SR R 2 R ¥ 1 W AP ( Equipment  Plastic
Strain , EPS) 43 7 /S [R1 4] %R #1807 77 4 A2 I #1055 9 |2
A8 T BB LA RBER T g, Jy ey e WL , 455250
PR AR T 25 R 4t 1) L BE AL Tecplot 32 HRX 14X
Pk, SRR K HEA T AT IALA 38, LAGA B A 3K
WA R BINRAE R K B o



HITE B2H BUE.ZFE TS5 BEGTEN SR ERE A RE AT AR R AR R R 37

F1 EEYESH
Table 1 Model physical parameters

" S IR ER S, NE BEFER NEEAM
e GPa TR B MPa o MPa e /0 Ear €
Eaf=3 41.59 0.2557 19.5 38 5.0 49 0.002  0.005
Bz 11.10 0.3010 5.0 20 0.1 30 0.002  0.005
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TE 14 By 22 Mim
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WEIE 8 B S o, AR E R T, BRR o, =
70 MPa.g, =20 MPa RAEELL F o, M 20 MPa &
#H % 70 MPa, [R1fg 10 MPa, 53 —Ff 0] & DA 7K
FBFT o, HHEERN T, 55F o, =70 MPa. o, =
20 MPa RAEMYIE LT o, M 20 MPa 3% ¥ 3% Jin 2l
70 MPa, [5]f§ 10 MPa, BiKRE 2.
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Table 2 Different intermediate principal stress simulation schemes
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Fig. 2 Equivalent plastic strain distribution diagram under

different o, for weak interlayer d =0. 5r( o, =20 MPa)
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*3 HHFKE d=0.5r T EPS Gitg
Table 3 EPS statistical table under weak interlayer d =0. 5r

o /MPa o /MPa EPSHEAHE HIHRXE o./MPa  ¢,/MPa  EPSHEAKE HIARKIE
20 0. 04667 20 0. 04667
30 0.04672 30 0.04653
40 0.04636 40 0.04101

20 50 0.04773 M 50 20 0.04043 M
60 0.04720 60 0.03823
70 0.04801 70 0.03822

(a) o =20 MPa (b)) o =30MPa

(e} o =40MPa  (d) 0. =50 MPa

(e} o =60MPa () o,=70MPa

0.0050 0.00750.0100 0.0125 0. 0150 0.0175 0.0200 0. 0’72‘1 0.0250 0.2750 0.0300

B3 BERE d=0.5" KR o, THERBWNENFHE (o, =20 MPa)
Fig. 3 Equivalent plastic strain distribution diagram under

different o, for weak interlayer d =0. 5r( ¢, =20 MPa)
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Fig. 4 Equivalent plastic strain distribution diagram under

different o, for weak interlayer d =0. 25r( o, =20MPa)
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Table 4 EPS statistical table under weak interlayer d =0. 25r

o,/MPa o /MPa  EPSBK{H H K

20 0.05630 ZEAMHERE

30 0.04110 ZEAMHERE

0 40 0.04039 Aot
50 0.03517 A M HEREE - R

60 0. 04204 LEHE R

70 0.03128 AHE R
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Table 5 Simulation scheme of different weak intercalation positions
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Fig. 5 Distribution of equivalent plastic strain for different distances of weak interlayer
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Table 6 EPS statistical table under

different distances of weak interlaye
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45 0. 5r 0. 04667 ZE LT
0. 25r(BERERTER) 0. 05630 22 it

0. 25-( IR ER) 0.02345 AR

(f) §=75°

(e} 6 =60° (2) 6 =90°

Fig. 6 Distribution of equivalent plastic strain for different dip angles of weak interlayer
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